We investigated the 14N quadrupole coupling of three rotational isomers of ethyl nitrite in the ground state by microwave Fourier transform spectroscopy. Centrifugal distortion analyses were necessary to assign the transitions with high J quantum numbers. We found an additional splitting of some c-type transitions of the trans-gauche rotamer presumably arising from tunneling through the barrier separating the two equivalent gauche forms. This assumption could not be confirmed yet.
Introduction
The microwave spectrum of ethyl nitrite, CH3CH2ONO, in the vibrational ground and some excited torsional states was first investigated and as signed by Turner [1] , He found the existence of three rotational isomers called cis-trans, cis-gauche, and trans-gauche ethyl nitrite, which are shown in Fig  ure 1 . He observed na and /ib transitions of the cistrans, transitions of the cis-gauche, and and nc transitions of the trans-gauche rotamer. Later Endo et al. [2] recorded the microwave spectra of D 5-ethyl nitrite and the 15N isotope of ethyl nitrite. They used the results to calculate a partial r0 structure.
By use of a conventional Stark spectrometer Turner resolved only parts of the nitrogen hyperfine structure in a few transitions. It was our aim to use the advan tages of microwave Fourier transform (MWFT) spec troscopy, especially the much higher resolution, to determine the quadrupole coupling constants of the three rotational isomers in the ground state.
Experimental
Ethyl nitrite was purchased from Fa. MerckSchuchardt, Darmstadt, in a purity of 85% and dis tilled under low pressure for further purification. The spectra were taken with our MWFT spectrometers [3 -7] in the range of 5 to 36 GHz at pressures beReprint requests to Prof. Dr. H. Dreizler, Abteilung Che mische Physik im Institut für Physikalische Chemie der Christian-Albrechts-Universität Kiel, 2300 Kiel, Olshausenstr. 40, FRG tween 0.025 and 0.2 Pa (0.2-1.5 mTorr) and at tem peratures between -30 and -55 °C. The Fourier transformation of a transient emission signal into the frequency domain leads to line shape deformations, especially in the case of narrow multiplets [8] . To avoid these effects, the time domain signals were ana lysed using a computer program to obtain the fre quencies, amplitudes, phases, and line widths con tained in the signals [9] , Lists of some measurements are given in the Tables 1, 2 , and 3. The complete list of measurements is available under number TNA 16 from the Universitätsbibliothek, Westring 400, D-2300 Kiel.
The observed splittings arising from nitrogen qua drupole coupling were used for a first order hfs analy sis [10] . Table 2 . Measured line frequencies of cis-gauche ethyl nitrite with hfs-splittings. Explanations of symbols see Table 1 J Table 3 . Measured line frequencies of trans-gauche ethyl nitrite with hfs-splittings. Explanations of symbols see Table 1 . vhc: mean value of two frequencies belonging to a doublet arising from the additional splitting discussed in the text. Fig. 2 . Cis-trans ethyl nitrite with its principal axes of inertia (a, b) and of the quadrupole coupling tensor (x, z). Structure taken from [2] , coupling tensor axis directions taken from cis methyl nitrite [13] .
frequencies belonging to one 14N-hfs component was used for the hfs analysis. This splitting will be dis cussed later. Because centrifugal distortion has re markable effects on nitrogen quadrupole coupling in the transitions with angular momentum quantum numbers J higher than 10, these transitions were ex cluded from the hfs analysis. The inclusion of those lines in these fits results in increasing standard errors of the coupling constants. We give the results in the Table 4 . In the next step of the analysis, the coupling constants were used to calculate the splittings relative to a single rigid rotor line and to correct the experi mental hfs components with these splittings to obtain hypothetical unsplit line frequencies v0. We used the unsplit line frequencies to carry out a centrifugal distortion analysis based on the Hamiltonian accord ing to Watsons S-reduction [11] , The lines measured by Turner [1] were included in the fits. Fourth order analyses were sufficient for the cis-trans and cisgauche rotamer. A sixth order analysis had to be per formed to achieve a good agreement between the cal culated and observed spectrum of the trans-gauche conformer. Because it was not possible to fit the con stants ht , h2, h3, they were fixed to a value of zero. The rotational and centrifugal distortion constants are given in the Table 5 .
Discussion
We measured the diagonal elements of the quadru pole coupling tensor in the principal axes of inertia. Within the range of the MWFT spectrometer no splitting is sensitive to non diagonal elements. There fore it is not possible to perform a direct diagonalization of the coupling tensor. Another possibility to gain the tensor in its principal axis system is to deter mine the quadrupole coupling constants of another isotopically substituted species of the same conformer. This substitution leads to a rotation of the principal axis system of inertia, and one can diagonalize the coupling tensor following the procedure given in [12] , Table 5 . Rotational and centrifugal distortion constants of ethyl nitrite, A, B, C; rotational constants, DJy DJK, DK Because the replacement of all hydrogen by deuterium atoms rotates the principal axis system of inertia only by about 0.4C , this method does not work in the case of ethyl nitrite. A rotation angle of at least 3° is neces sary for a successful application of the method. In the case of cis-trans ethyl nitrite there is another possibility to try a diagonalization of the coupling tensor. The structure of cis methyl nitrite and the 14N-quadrupole coupling constants in the principal axis system of the coupling tensor have been deter mined by Turner [13] et al. According to [2] and [13] , the structures of the CONO-group in cis-trans ethyl nitrite and cis methyl nitrite are identical with an abplane of symmetry. We assume that the principal axes of the coupling tensor have the same direction in both molecules. This assumption is based on the fact that the values of xcc = Xyy = 3.438(11) MHz obtained for cis-trans nitrite in this work and xcc = xyy = 3.47(3) MHz obtained for cis methyl nitrite [13] are identical within their standard errors. We apply the formulas given in [14] to transform the coupling tensor of cis-trans ethyl nitrite from the principal axis system of inertia in the principal axis system of the coupling tensor taken from cis methyl nitrite. Because our results are based on an assumption we present them in Table 6 without errors. A comparison with the results for cis methyl nitrite from [13] , also given in Table 6 , leads to the conclusion that in fact the principal axis directions of the coupling tensor are the same or at least nearly the same in both molecules. Because cis-trans ethyl nitrite merely differs from cis methyl nitrite by a methyl group no other result is expected. The rotamer with its principal axes of inertia and of the coupling tensor is shown in Figure 2 . Because of the lack of comparable molecules similar considerations are not possible for the other two ethyl nitrite rotamers.
Another aspect to discuss is the additional splitting of each 14N-hfs component into a doublet in some c-type transitions of trans-gauche ethyl nitrite. An example is shown in Fig. 3 . No final interpretation of this splitting has been achieved up to now. We failed in an attempt to fit it to a methyl group inter nal rotation with a program using the Hamiltonian according to Woods IAM-theory [15] . The splitting seems to arise from the tunneling between the two equivalent trans-gauche rotamers. Further work must be done to confirm this hypothesis.
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